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^ / . 54,648 
/. UE'^'^ -.CT 0? THE DISCLOSURE 
.A -echod of "akir.!?.a transformer having a core 
con-,posed of a v.-eb of na-ne.t.ic air.orphous netal of snail 
thickness. 

The laminations of the core of the transformer 
are the stacked turns forced ty. windin;r the web into a 

. • - ..^^r^r^-,, n *->-iP fpnte-f "he coils are wound 
spiral havmp a vyinaow j.n v.ne cents. . v-w 

as inte.-ral structures havin.r^ openinris for telescoping the 
coils onto the core. For the telescopinf- , the core is cut 
and converted into a U-shaped structure on whose arns the 
coils are telescoped. The cut Joint is a butt -lap-step 
Joint. To produce such a joint, the laminations are divi- 
ded into rroups and each group is divided into steps which 
are scaced longitudinally of the web. After the coils are 
^5 telescoped onto the core, the cut ends of the arms of the 
U are abutted to form a closed core. The cuts in the lam- 
inations that make up alterna.te groups- in the stack are 
inclined to the longitudinal 'center line of the web at a 
first an.^le different from 9.0°. The cuts in "the laminations 
that make up intervening croups in the stack are inclined 
oppositely to the cuts. in the alternate r.roups at an angle 
which is also different rron 90°. Because of the different 
inclination of successive cuts, the undesired abutting of 
laminations from different groups during the reclosing of 
the core is crecluded. There is also cisclosed a. core and 
a transformer .made by the method. 
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tra:;sformers a;jd cores for transformers 

SACKGROUND OF TliE IIIVENTIO:.' 

This invention relates to transformers, typically 
distribution trans for^mers , and it has particular relation- 
ship to transformers whose cores are composed of laminationr 
of amorphous metal of small thickness. Typically the thick- 
ness of the laminations is of the order of 0.001-inch. 
While this invention is disclosed herein in detail as applied 
to a transformer having a core of a wound amorphous metal 
web of small thickness, as to which this invention has unique 
advantages, it is understood that the adaptation of the prin- 
ciples of this invention to transformers of other types is 
within the scope of equivalents of this application and. of 
any patent that nay issue on or as a result thereof, typical- 
ly as the range of equivalents is applied in Graver Tank- & 
:/!fg. Co. V. Linde Air Products Co. 339 U.S. 605; 70 Supreme 
Court Reporter SS'^ (1950 ) and interpreted ir. niroyal v. 
Rudkin-Wiley Corp. 5 USPQ 2d l'^3^ (CAFC,1988 ). 

Patent ^4 , 709,^171 to Milan D. Valencic and Dennis 
A. Schaffer, assigned to Westinghouse Electric Corporation 
discloses a method for making the cores of these transfor- 
mers. Patent i^, 761,630 to Frank H. Grimes and Eugenious 
Hammack, both also assigned to Westinghouse Electric Corpor- 
ation, discloses structural features of these cores. Val- 
encic teaches that a web of the amorphous metal is wound 
into a closed spiral core loop or core structure with a 
window in the center. The turns , of. the sniral form the 
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laminations of the core. These lar.inat ions forming the 
closed core structure are then cut in successive stepped 
croups and the closed structure is opened and converted 
into a.-L'-shaped structure on whose arrns the coils of the 
grans formers are telescoped. The arms of the U-shaped 
structure are chen abutted to reconvert, the U-shaped struc- 
ture into a closed structure. Grimes discloses a core as 
taught by Valencic with lapped steps. 

To explain this invention so that -those skilled 
in the art will understand it, it is desirable to discuss 
Grimes briefly. Figs. 3 and k of Grimes show highly en- 
larged a fragmentary part of the core as viewed in a direc- 
tion perpendicular to the edges of the laminations. If Fig. 
3 were extended to show the whole core, it would show the 
laminations in a race-track or circular annular shape. The 
structure shown is stepped with the steps lapped at their 
adjoining laminations. For this application, each unit of 
laminations A , 5 or C or D , E or F is defined as a step and 
the steps A, B and C together or D , E and F together are 
defined as a group. The laminations are typically only 
0.001-inch in thickness so. that the step ? has a thickness 
of 0.007. The thickness of group DEF is 0.021-inch. Grimes 
says that there may be . as many as thirty laminations in each 
step. In this case, each group would-have a thi-ckness or 
0.09-inch. There may also be less than seven lamenations 
•in each step; in fact, there may be one lamination in each 
step. 

V/hile the teachings of Valencic and Grimes have 
made formidable contributions to the transformer art, a 
oroblem has been experienced in the construction of the 
core as taught by Valencic and Grimes. In the reconstitu- 
tion of the core after the coils are telescoped in its arms, 
difficulty has been encountered in matching the separated 
ends of the laminations of the groups so that severed ends 
of aliminaticns on one side of a group are .loined during 
reassembly to zhe ends of the same laminations on the oppo- 
site side of a grout). The small thickness cf the groups is 
a major factor contributing to this problem. In pa^ practice 
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a group of lar.inaticns is at tir-.es erroneously r.atched 
with tv;o opposing piroups during reassembly. The error 
becorr.es apparent only on conpletion of the. Joint- reassem- 
bled v/ben a spare frroup of laminations'" with no Hatching 
5 companion r^roup.s remain. For example, with reference to 
Fig. 3 of Grimes 5 the twenty-one laminations on the right 
of fsrouD ABC instead of being Joined to the . laminations 
on the left of group ADC, are joined to the laminations 
on the left of group DEF . V/hen this happens the core as 

10 completed has unconnected laminations and must be repro- 
cessed. The deficiency is not discovered until after the 
core is com.pleted. In addition, after the above-described 
error occurs, an opposing error may occur during the con- 
tinued reassembly, i.e., the laminations on the left of a 

15 group such DEF are joined to the laminations on the right 
of a group such as ABC. In this case, the errors are com- 
pensating ■ and are not discovered after the core is com.pleted 
and the c ore performance is deteriorated . 

Another problem which arises in connection with 

20 cores in one of whose yokes or legs severable Joints exist," 
has its roots in the principle that among the various fac- 
tors that govern the power to excite a transformer is the 
local net transverse cross-sectional area reduction which 
results from, the gaps in the core that - form the. .J oint . ' 

25 The net cross-sectional area' is reduced and the required 

•exciting power is increased by th'e gaps in the laminations 
at the joint-. In cores formed of laminations of amorphous 
metal, this problem is particularly significant because, 
in use, such cores are operated at inductions very near to 

30 that which produces saturation. Appreciable reduction in 

the net transverse cross-sectional area of a core .nay result 
in saturation when the core is used. In a joint containing 
a large num»ber of gaps, particularly if the gaps are stacked 
there is a substantial reduction in net cross-sections area* 

35 and a tendency for saturation to occur with corresponding 
adverse effect upon core losses. 



Another problem which- occurs v;hen a butt-lap- 
step core Joint as taught by Grimes is reassembled arises 
from the -tendency of the laminations to adhere to each- 
other _such that more than one c^roup oT cut steps may be 
mismatched and mislocated against a single opposing group. 
This error is also only discovered after the joint is com- 
pletely reassem/D led . The error occurs on the side of the 
joint where the longest laminations are on top viewing the 
Joint beinp; reassembled positioned horizontally.. The short- 
er laminations of ad j acent ' groups tend to adhere. The 
opposite side of the core where the longest laminations are 
at the bottom are "self separating" by groups. 

It is an object of this invention to overcome the 
above-described drawbacks and deficiencies and to provide 
a method for accomplishing this purpose. Nam.ely, it is an 
object of the invention to provide a method of making a 
transform.er having a core of amorphous metal, form.ed by 
winding into a spiral a plurality of turns or laminations 
of small thickness, which core has a severable joint that 
is opened to permit the telescoping of coils and thereafter 
reclosed by abutting the ends, of the severed laminations, 
in whose practice, the mismiatching of abutted laminations 
during the reclosing shall be precluded. 

It is also an object of this invention to provide 
a method of making a transformer in whose practice the trans- 
verse cross-sectional area at overlapping laminations at th'^- 
gaps produced by severing the laminations shall be enhanced. 
It is also an object of this' invention to provide a core and 
a transformer made by the practice of the method, 

SUMMARY OF THE IMVEMTIQN 

In accordance with this invention, there is provi- 
ded a core whose Joint is formed by cutting the laminations, 
not at risrht angles to the longitudinal center line of the 
laminations or to any plane perpendicular to the laminations, 
but ar an angle which differs appreciably from 90^ , thus 
enablinrr z'r.e cut ends of the sam.e laminations to be readily 
identified because they are at the same an£;le to the center 
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line. Specifically, the laminations forninR the core may 
be subdivided into stacked groups. Alternate -roups nay 
be cut biased, i.e., with the cut inclined-, not perpendicu- 
lar, to the center line, in one direction and the interven- 
ing groups rr.ay be cut biased in the opposite direction, 
i.e., with the cut inclined to the center line oppositely 
to the cut through the alternate groups. The departure from 
perpendicularity may be the same in each direction. But 
cores whose joints are formed by cuts of the. laminations of 
alternate groups inclined at different angles to the center 
line are within the scope of equivalents of this invention. 
In fact, the cuts through the laminations of either the ' 
alternate or the intervening groups may be at right angles 
to the center line and the cuts through the laminations 
of the other groups inclined. The cuts through the steps 
of each group are at the same inclination. 

The laminations may be cut and the core processed 
to produce a transformer as disclosed in Valencic. To pro- 
duce the based cuts, the cutter 66 shown in Fig. 6 of Val- 
encic may be set with the blades 77 and 78 at the appropri-- 
ate angle to the longitudinal center line of the laminations. 
For the purpose of this application, the angle of inclination 
will be defined as the acute angle of the cut to the longitu- 
dinal center line. . - " . •■ 

If is desirable that the departure of the angle 
■of cut from the perpendicular to the center line be small, 
i.e., angle of inclination to the center line should .desir- 
ably 'be large. In practice, an angle of departure of about 
3°, i.e., an angle of inclination of about 87° has been 
found to be satisfactory. The adoption of a large angle 
of departure from the perpendicular complicates the setting 
of the cutter and has a tendency to cause the brittle lami- 
nations to break. "It. has been found that with the cuts in- 
clined at about 87° in opposite directions, the matching of" 
the ends of the lamination which are to be joined is accom- 
olished successfully. Practice of the teachings of this 
aoDlication with the cuts inclined at angles subscantially 



6 • 51,648 

different frorri £7" is understood to be within the scope of 
equivalents of this application and of any patent which nay 
issue on or as a result . .thereof . 

In the practice of this invention, the mis_match- 
ing of the ends of the several laminations of contiguous 
groups, is precluded by the opposite biasing of these groups. 
This invention also improves the potential towards mechani- 
zation of the joint reclosing by effectively separating se- 
quential groups in the joint. By cutting first in one 
angled direction throughout a group, then reversing the 
angled direction throughout the next group and .by repeating 
this sequence through the whole core, the "herringbone" 
geometry can be achieved on a wound core, i.e., an X-ray 
through the severed joint taken perpendicular to the surface 
of the web forning the laminations would have the appearance 
of a "herringbone" or "cross-stitched" joint. 

When the core is opened to telescope the coils, 
the "opened" sheets are separated into oppositely cut groups 
and it becomes impossible to relocate odd and even groups, 
together. Thus, the assembly problems which have occurred 
in the past are e lim±naJied. If a double error occurs, the 
joint appears to be correctly closed, but the measured core 
losses increase enormously. This error also is eliminated. 
5RIEF DESCRIPTIOM OF -THE " DRAV/IMGS - - 
For e better understanding of this invention, both 
■as to its organization and as to "its method of operation, 
together with additional obj ects and advantages thereof, 
reference is made to the following description taken in con- 
nection with the accompanying drawings, in which: 

Figure 1 is a view in isometric, generally, dia- 
gramm.atic, showing apparatus for practicinp;. this invention 
set to produce cuts in the laminations inclined in one dir- 
ection to the longitudinal center line of the laminations; 

Fig. 2 is a view similar to Fig. 1 with the appa- 
ratus set to produce cuts in the laminations inclined in the 
opposite direction to the longitudinal center line; 
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i'ie;. 3 is a view in "side elevation generally dia- 
praminatic of the apparatus shown in Fig. 1 Tor illustratinj^ 
the r^anner in v;hich a series of cuts of steps of- the oliter 
Eroups_of laminations are produced in 'the practice of this, 
invent ion ; 

-tr.. 4 is a plan view taken in the direction IV-IV 

of Fig. 3; 

Pip. 5 is a view in side elevation similar to Fig. 
3 illustrating the manner in which a series..,of cuts of steps 
of the inner group of laminations Just under the outer group 
are made in the practice of this Invention; 

Fig. 6 is a- plan view taken in the direction VI-VI 

of Fig. 5; 

Fig. 7 is a fragmental view in isometric, general- 
ly diagrammat ic , showing the manner in which the core struc- 
ture is reassembled at a group of laminations cut at one 

incliriat ion ; 

^i^. 8 is a fragmental view sim.ilar to Fig. 7 
showing the manner in which the core structure is reassembled 
at a group of laminations cut at the opposite inclination; 

Fig. 9 is a fragmentary view greatly enlarged 
taken in the direction towards the edges of the lamination 
essentially in side elevation , showing a portion of ^ reas- 
sembled Joint; . . • •■■ 

Fig. 10 is a view 'in side elevation of a core U- 
shaped structure formed in the practice of t-his invention 
for receiving the coils; 

Fig. 11 is a view in side elevation of a transfor- 
mer in accordance with this invention; 

Fig. IIA is a fragm.entary diagrammatic view for 
aiding in the explanation as to how error from sticking 
of laminations is precluded; 

Fig. 12 Is a fragmentary view in isometric, great- 
ly enlarged and generally diagrammatic, showing the magnetiS 
flux path in a prior-art core through the turns at. the 
Junction '-etv;een steps; and 
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riG. 13 is a greatly enlarsed fragmentary view 
similar to Fin:. 12 but showing the magnetic flux path in 
a core accordinn; to this invention. 

DE'^ATLED DESCRIPTIOiJ 0? PPrACTICE ADD 
EMBODIMENTS 0? THIS IIJVEilTION 

The apparatus shown in ?i?s . 1 through 9 includes 
a support plate 21 on which a core structure 23 is disposed. 
The core structure 23 is produced by winding a web 25 of 
amorphous netal of small thickness into a circularly annular 
spiral as taught by Valencic. V.'hen this spiral is disposed 
on plate 21 with its axis horizontal, it assumes the gener- 
ally Figure 8 configuration shown in Figs. 1 through 6.- 
The turns of the spiral are the laminations 27 (Fig. 9) of 
the core structure 23- 

In the practice of this invention, the laminations 
27 of the core structure 23 are subdivided as taught by 
Grimes into groups 29 and 29a (Fig. 9), each group being sub- 
diviced in-o steps 31. The steps of each group are spaced 
longi-udinallv along the core structure 23 as shown in Fig. 
9. Fi.-. 't shows successive groups 29 and 29a along the 
depth of the core structure. Group 29 may be taken as the 
topmost group and " group 29a as the second group from the top 
assuming that the core structure 23 rests on plate 21 with 
the axis of the spiral horizontal. In Fig. 9 the steps of 
the top group. 29 are labeled A, -3,'c, D and E and the steps 
of the group 29a are labeled F, G.,.H, I and J. In actual 
practice of the invention, there are a large number of group. 
29 and 29a. 

As shown in Figs. 1 and 2 , the apparatus for prac- 
ticing the method of this invention includes a cutter 33 
having cutting blades 35 and 36. The cutter 33 is the same 
as is disclosed in Valencic. It is capable of producing a 
souare cut through .a predetermined number of laminations or 
stacks 37 and is positioned and is operable to cut the lami- 
nations, ilowever, instead of being positioned to produce 
a cut of laminations at right angle to the longitudinal cen- 
ter line ^1 of the v.'eb , the blades 35 and 36 are positioned 



inclined an anr.le X to the center line., "he center 
line iG referred to here as a convenient reference. The 
blades 35 and 2c are positioned ' inclined at , ancle X to -•. 
planes perpendicular to . the surface of >he A-eb or to its 
edges '.vhere the edres are linear and parallel, as shown. 
Gpecif ically , the number of ' lar.inations in a stack 37 are 
the number in a step 31 (Pig. 9). -he laminations consti- 
tuting each step are raised for cuttinr by magnets (not 
shown), as disclosed in Valencic. This invention m.ay be 
practiced with cutters other than that shown by Valencic. 

In the practice of this invention, the cutter 33 
is positioned with its blades inclined at angle X to the ■ 
center line for cutting the steps A, E, C D , E of the top 
group 29 ("igs. 3, 4). After each step is cut by the cut- 
ter, the severed lamination stacks on each side are removed 
by m.agnetic or other means and folded over the adjacent 
ends of the core structure 23- The cutter is then advanced 
to the right with reference to Figs. 1 and 3 with its 
blades 35 and 3c inclined at angle X to the center line 
41 or the support 21 is advanced to the left and the next 
step is raised magnetically or by other means and cut and 
its severed parts rem.oved and folded back. This operation 
continues until all steps A, 3, C, D, E of the top group 
are cut. The severed ends ^2 and of_ the laminations pf . 
each step are .shown in Fig. They' are inclined at angle 

X to the center line ^1. 

The core structure 2 3 is now in the state shown 
in Figs. 5 and 6 with the severed parts '(3 and 45 of the 
top group 29 folded away from the ends of the structure. 
The cutter 23 is now positioned with its blades 35 and 36 
inclined at an angle Y (Fig. 2) to the center line Ul. The 
inclination at angle i may be equal and opposite to the in- 
clination at angle X.. The steps F, G, H, I, J are then cut 
and their severed parts folded back in succession. The 
severed ends '^7 and 'i9 of the steps F through J are shown 
in Fife. •: . -hey are inclined at an anf^le Y to the center 
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:t is empr.asized that" v.-here the anr.le of incli- 
nation to the center line is large, typically 57°, it is 
desirable that anprles X and Y be equal and opposite. The 
difference in inclination of the cuts in successive groups 
is* twice the inclination for each Froup . The capability of 
recoEnizinr, a -isrr.atch is thus facilitated. 

•I'he cutter 33 is now repositioned with its blades 
35 and 36 at anF;le X to the center line ^^1 and the steps 31 
of the third croup from the top. are cut. Then the cutter 
is again reoositioned with its blade at angle Y to the 
center line and steps of the fourth croup from the top are 
cut. The cutting of odd-numbered groups from the top with 
cutter blade 35 set inclined at angle X to the center line 
and even-numbered rroups with the cutter blade set inclined 
at angle Y to the center line is continued until the depth 
of the core structure is completely penetrated in the region 
of the cuts. The blades of the cutter are preferably so 
oositloned that the- cuts are spaced approximately symmetri- 
cally about the transverse center line 51 of the upper por- 
tion 53 of the core structure so that the length of the parts 
of the core structure 23 on. each side of the cut region are 

approximately equal. 

Once the width of the core structure 23 is pene- 
trated, the core structure is opened. at> the cut-through - 
section ana the core structure is processed typically as 
taught by Valencic, particularly with reference to Figs. 10 
through 15 and 17 through 22 of this patent. It is under- 
stood that this invention is not confined to processing as 
taught by Valencic and that in the processing of core struc- 
ture ?3 deoartures from, or m.odif ications of, Valencic 's 
-eachinr: as well as replacement of Valencic by entirely dif- 
ferent teaching may be adopted without affecting the scope 

of this invention. 

-uring the processing, the ,:oint v.-here the core 
structure 23 is severed is opened and reclosed twice. -he 
-irit ti-e the .core is onened, r.echanicallv r.aniculated and 
then reclosea to convert the structure into the desired 



shape for -ne stress-relief anneal. After the anneal, 
the structure is reopened a second tir.e in the severed _ 
i^lrion fcrrr.inr the U-shaped structure 55 , the coils 59 
and- 61 telesccneu on its lefcs 57 and the'n reclosed. During 
the reclcsin^r, the cut ends_^2 and iii( (-lR. and ay and 
49 are acutted and lapped at the junctions betv;een adjacent 
steps startinr, fron; the lowermost srroup and continuing 
through the uppermost group assuminis the axis of the core 

is horizontal. 

During the processing, the core structure is 
converted into the self-supporting structure 55 shown in 
Fig. 10 with arms 57- While the core structure 57 is self 
suDoortin.c:, the ends of the core structure which form the 
ioint in the cut region 63 can be manipulated from the 
open position with reference to 10 to the closed posi- 

tion. 

It is essential, particularly during the second 
reclosing after the colls are telescoped on the legs that 
nismatchinp between adjacent groups be precluded and this 
is accomclished in the practice of this invention as shown 
in Figs. 7 and 8. Fig. 7 shows the reclosing of the lamina- 
tion of a ;^-rouo 29 such as the group made up of the steps. A, 
3 C, D, E (Fig. 9). The inclined full lines representing^ 
ends^z'and ^/are assumed to represent- the ends -of steps A, 
3, C, D, I and not the ends of individual laminations. The 
steos are folded over in sequence from E to A.' It is seen 
that the end 42 of each step is contiguous to and aligned 
with end of the same step. Fig. 8 corresponds to the . 
group 29 adjacent to the group represented in Fig. 7 whose 
steps are F, G, H. I, J. ^ this case, the cuts are inclined 
oppositely to the cut for the group of Fig. 7- In this case, 
the ends ^7 of the steps J through F are contiguous to and 
aliened with the endi ag. If an attempt were made to abut _ 
the^.eft-hand end of groun 29 shown in Fig. 7 with the right- 
hand end of .roup 29a shown in Fig. 8, the ends ^9 would be 

. - >- T-oL-'fin ■ 1 -i ne s 71 in Fig. 7 and 

inclined as rerresentea cy tne croken __ne5 . ^ 

the misalignment would at once become obvious. 



Prior-art practice has been' confronted by tfee 
major problern that durinj; reasser-bly there is a tendency 
for the cut laminations on one ..3ide of -tv/o groups" to adhere 
so that the ends of the outer of tv;o adherinr?; [33:^o^ps on one^ 
side may be Joined to the ends of one nroup on the opposite 
side. In the practice of this invention, the joining of 
two groups to one group is precluded. 

Reference is made to Fig. IIA for an understanding 
of this advantage. Fig. IIA shov/s the ends 91 and ^9 3 of 
three groups 95, 97, 99 which are to be joined during re- 
closing. There are five steps in each group, each step 
being represented by a single line. It is assumed that 
group 95 is on top and group 99 on the bottom. The cuts 
in group 97 are inclined oppositely to the cuts in groups 
95 and 99. It has been found that the adhering occurs when 
the longest sheets are on top, assuming the core structure 
is positioned with its axis horizontal. It may be assumed 
that the laminations of groups 95 and 97 at the end 91 have 
adhered but there has been no adhesion of the laminations 
of groups 95 and 97 at end 93- An attempt will then be made 
to join group 97 of 91 -to. group 95 of end 93- Since the 
cuts in group 97 are inclined oppositely to the cuts in 
group 95, the mismatch by the erroneous joining of the ends 
of groups 95 and 97 will be precluded. ^ • 

The advantageous aspect of this invention v/ith 
respect' to the reduction of the crowding' of the flux lines 
will now be explained with reference to Figs. 12 and 13- 
Fig. 12 corresponds to a core structure in which the cuts 
l42a-^4a are at right angles "to the longitudinal center line 
as taught by prior art and Fig. 13 corresponds to a core 
structure in which the cuts 42-^^ are inclined to the center 
line 41 in accordance with this invention. In this discus- 
sion, it is assumed that the lamination or group of lamina- 
tions ?.l and ?.2 and F.l* and R2' are in a core of a trans- 
former v;hich i s in operat ion . 

In each view, ::he transition lamination Fl and R2 
and Rl ' and R2 ' at the junction between adjacent steps, for 



■ 5" ,6iJ8 ■ 

exan-.nie tetween s.en E and step D, of .roup 29 are shown. 
The flux lines fl and r2 are sho'.vn as flowing throuch _R1 
and R2 fro." 11 and L2 throui^h zhe lar.inations F:2- and Rl 
shown in -ir,. -2 and from LI' and 12' 'through the lamina- 
tions R2' and Rl ' shown in Fi;^. 13; in both cases from left 
to right. The transition laminations in FiF-s . 12 and 13 
are reversed with reference to Fig. 9.. To aid in the under- 
ctandinK of the invention, dimensions are assumed; it is 
assumed that the width of the cut is 0.25-inch and the over-, 
lao 0.375-inch. It is also assumed that the inclination of 
the cut shown in Fig. 13 is at 60° to the center line. 

With reference to Fig. 12, flux fl flows through 
LI until it reaches gap Gl where it flows into and through 
It then returns to Rl when it passes gap Gl. Flux f2 
flows through L2 until it reaches gap G2 where it flows into 
through LI until it passes gap 02 when it flows back through 

Crowding of the flux takes place in the regions m LI 
at gap G2 and R2 at gap Gl where the flux flows through com- 

mon channels. 

One way to minimize this flux crowding and the 
resulting saturation and core loss increase is to spread 
the flux crowding over as large an area as practicable. in 
the prior art as shown in Fig. -12, the crowding is spread 
over an area of 1.0 square inch 0.25 x"^. Once- -flux f2 pass- 
es gap 02 ^t reenters R2 before reaching the gap Gl. This 
-eentry of flux f2 takes place over 0.375-inch. The area is 
0 37"^ X U = 1.50 sQuare inches. The flux crowding can be 
reduced bv increasing the overlap. For example, for overlap 
of 0.5-inch, the area is 2 inches. But because of the 
limited area over which the transition is locatea, any in- 
crease in overlap would reduce the number of steps which 

may occur. ^ 

In the practice of this invention, the - ^ux 
flows from lamination L2 ' into lamanat.ion LI' at r.ap 32' 
and reenters laminations R2 ' after it passes gap G2'.^^Flux 

Rl- after" passing gap Gl'. In the practice of this invention 
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the inciina'uicr. is 60° and the- cut is at . £0° to the center 
line ^.1 . The area above r;;ap 02' is 0.25 x '^.S or 1.15 
square inches. The area over 'v.'hich flux f 2 ' reenters -112 ' 
is .375 ■/. '^.c = 1-7] square inches.- ?he increase in area 
in each case is produced without reducing the number of 
steps within the region. 'The smaller the inclination of the 
cut to the center line, the fpreater the area over which the 

crowding is spread. 

V.'hile preferred embodiments and preferred practice 
of this Invention have been disclosed herein, many modifica- 
tions thereof are feasible. This invention is not to be 
restricted except insofar as is necessitated by the spirit 
of the orior art . 
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Chinese Patent Application No. 78109660 
Amended Claims (August 1990) 



An ir.proved transformer core having a cutt- 
lap-step transformer core joint, said t rans f orrier-core 
joint co-prising a plurality of bias-cut laminations cut 
from a continuous web v/ound generally in a spiral, the 
said cut laminations being rejoined at their ends by butted 
joints after coil r.eans are telescoped on said core, said 
plurality of lam.inations being divided into a plurality of 
groups of laminations, each group, including a predetermined 
num.ber of laminations, said bias cut precluding; mismatching 
of butted lamination ends in the assembly of said core after 
said coil means has been telescoped thereon and lengthening 
the adjacent flux path at said buffed joints, said core being torned 
by superimposing successive groups of the laminations in 
a generally . spiral configuration, the bias cuts in lamina- 
tions of alternate groups being biased at a prede t erm.ined 
inclination to the longitudinal center line of said lamina- 
tions and the bias cuts on the intervening groups being 
biased at an opposite inclination to the center lines of 
said lam.inations. 

2. The core of claim 1 v/herein each group of 
laminations is subdivided into steps and the bias cut in 
the laminations of each group comprising a plurality of 
stepped cuts at the samie bias. 

3. The core of claim 1 v;herein each group of 
lam.inations is subdivided into steps, the bias cuts in the 
laminations of each alternate groups comprising a plurality 
of steeped cuts at the predetermined inclination and the 
bias cuts in the laminations of each intervening: ,^roup 
cor.prisinr a rlurality of steeped cuts ac the inclination 
opposite to said _r. rede t ermined inclination. 
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4 . A transforner includlnj; a core havins coil 
rr.eans telescoped thereon, said core includins: a plurality 
of laminations of amorphous netal of srr.all thickness wound 
generally in a spiral and defininp; a closed curve structure 
having a v;indow •.•/ithin, the said coil r.eans being v/ound as 
an integrated structure encircling the core, the said core 
having a but t -lap -s tep Joint allowing the opening of said 
core to permit telescoping of said' coil means and the re- 
closing of said core after said coil means are telescoped 
thereon, said butt-lap-step joint being formed by cutting 
in stepped relationship the laminations of groups in suc- 
cession, each group comprising a predetermined num.ber of 
said laminations to open said core and abutting the ends of 
said cut laminations of each group to reclose said core after 
the coil means is telescoped thereon, the cuts in "said lami- 
nations being biased inclined at " a first predetermined angle 
appreciably different from 90° to the longitudinal center 
line of said laminations for laminations of alternate groups 
in said succession and inclined oppositely to said predeter- 
mined angle at a second predetermined angle appreciably 
different from 90° to said longitudinal center line of groups 
intervening betv/een said alternate groups. 

5 . The transformer of claim. 4 wherein each group 
of the alternate groups and the intervening groups is sub- 
divided into a plurality of steps and the cut in the lamina- 
tions of each group com.nrises stepped cuts in laminations 
of the steps of each group, the angle and inclination to 
the center line of the lamination of the stepped cut for 
each group being the same. 

6. The method of making a transformer having a 
core and coil means whose turns are v;ound into an Integrated 
coil structure having an opening therein for telescoping 
onto said core, said core being formed of a web of m.agnecic 
amornhous metal of sm.all thickness, the said r.ethod including 



•' = ) ■::i.nc.±r.~ said •.■.'eo inco a ~enera.ll.y spiral 
cc-e 3-"ucture r.avins £. rluraiiry f ^uceri-.ccsed lamina- 
tions a'co'ut: a v; inccv/ ; 

(t) succivicin;^: said core Etructure into .^rcuos 
5 of larr.ir.ac icns , said scroups bein?: stacked to form said core 
s t rue t ure ; 

:c) rroducinn first cuts throucn the laxr.inat ions 
of each of alternate groups in said core structures, each 
said cue in the larr.inat ions of alternate groups along said 
10 core structure ceinJi inclined to the center line of said 

web in one direction at an angle appreciably different from 
90° ; 

(d) producing second cuts through the laminations 
of each of the rroups along said core structure intervening 

15 between alternate groups, each of said second cuts in the 
laminations of said intervening groups along said core 
structure being inclined to the center line of said web in 
a direction opposite to said one direction at an angle 
appreciably different from 90° ; 

20 (e) separating said laminations at said cuts and 

converting said core structure -into a generally U-shaped 
structure whose arms terminate in said cuts; 

(f) telescoping said coil structure in the arms 
of said L-shaped structure; and 

25 (g) guided by the -difference between the inclina- 

tion of the severed ends of the laminations, rejoining the 
ends of the laminations of said groups, group by group, by 
abutting substantially only the ends of the lamination of 
each group only to the opposite ends of the lamination of 

30 the same group from which said first -named ends were severed, 
precluding the joining of the ends of the laminations of one 
group to the ends of the laminations of adjacent groups. 

7. The method of making a transformer having a 
core and coil means whose turns are .-/ound into an integrated 
35' coil structure having an opening therein for telescoping 

onto said core, said core being formed of a web of magnetic 
amorohous r.etal of small thickness, the said method including 



structure: 

(c- croducin.^ first cuts through the iar-.inat ions 
of each of alternate nrrcups in said cere structure , - each 
said cut in the larr.inat ions of alternate -roups along said 
core Structure ceinr ir.clined to the center line of said 
web in one direction at an angle aopreciahly different from 

90° ; 

(d) rrroducins second cuts through the laninations- 
eac--^ o-'the -rroucs alons said core structure intervening 

between alternate rrouns each of said second cuts being 

at a different anrle to the longitudinal center line of said 

v/eb throun;h said first cuts; 

(e) seoarating said larr.inat ions at said cuts and 
convertinp; said core structure into a .generally U-shaped 
structure whose arms terminate in said cuts: 

(f) telescopine said coil structure in the arms 
of said U-shaped structure: and 

(p) ruided by the difference in the angle of in- 
clination to thJ lonsitudinal center line of the ueb of the 
''irst cuts ana the second cuts, rejoininp; the ends of the 
laminations of said croups, group by ^.roup by abutting sub- 
stantiallv only the ends of the lamination of each group 
only to t^e ocoosite ends of the lam.lnation of the same ^roup 
rrom which said first-named ends were severed, precluding 
the joining of the ends of the laminations of one sroup to 
the ends o^ the laminations of adjacent -roups. 

8 -'-e method of claim 7 includin.cr subdividing- 
Pach ^rouc into steps displaced lonPritudinally from each 

, ^'^'^v ^nd second cuts 

other alonr. the v;eb and proaucm,-, .-.st -no 

.acr of wr.ich co:.-.nrises cuts in the steps of each sroup ois- 
^.aced longitudinally alonr: tne wee but -.t first anrle to 

„ ... _^ .-v-p ..-eb for the alternate 
the lonritudinax center ^-ne o^ -ne --^^j 

^ „ -.^ <-v,= io-r--itudinal center 
■rcurs and at the r.econc anirle oo o..e xo...,--- 

line cf wet for the intervenins .p-roups . 



(a; windir.r: ^ v/eb cf r-.ap:netic a.T.orpr.cus metal 
Into a spiral structure having a window in the center; 

(b ) sut ci vidin.r; the turns of said spiral into 
ercurs, e.= ch ^roup ceing* sucdiviced into sterns; 

(c) producinft a series of cuts thrcusrh the steps 
of each group in a region of said spiral, the cuts through 
the steps of each group being spaced lonrri tudinally along 
said web in a predetermined direction; the cuts for each 
step of a g-roup and the cut of the sucdeedinp: step termina- 
tint^ such that the last turn of a step of a c^roup and the 
first turn of said succeedin?: step of said ^roun overlap, 
v/herecy "ap-netic flux flowin.5 throusrh said last turn and 
throuj::h said first turn v/ill be conducted together through 
one and the other of said last and first turns in the region 
of said cuts, producing crowding of the flux in said region,- 
the said cuts being produced through all groups of said web; 

(d) opening said spiral at said cuts; 

(e) thereafter converting said spiral into a 
U-shaped structure; 

(f) telescoping coils on the arrr.s of said 
U-shaped structure; and 

Cg) reclosing said groups in the region of said 
cuts, thus producing; a transforner h.aving the reclosed spiral 
structure as a core; 

the said rr.ethod being characterized by that the 
cuts through the steps are inclined to said longitudinal 
center line at an angle appreciably different fron 90*^, 
whereby the area of the core in the region of said crowding 
of said flux is increased. 

10. The core of clain 1 wherein the angles of 
inclination of the bias cuts of the alternate groups and the 
intervening- g-roups are substantially equal and opposite and 
depart from 90° to the center line by a small magnitude. 



11. Tne core of clair. 1 v/rerein tr,e core is 
fo r.T.ed upe rir.c os ing oucces sive p-roups of the lanina- 
cicns in r- -enerally spiral cor f i --ura- ion , che cias outs 
in at least alternate ijroups or zhc. groups intervening 
between tr.e alternate ..--roups oeinn inclined at an an--::le 
appreciacly ciTferent fror. '50° to the center line v/eb . 

12. The transformer of clai" 4 wherein the angles 
of inclination of the bias cuts of the alternate >3;roucs and 
the intervening; ,r;.roups are substantially equal and opposite 
and depart frcr. 90"^ to the center line by a small niagnitude . 

13. The nethod of clain 6 v/herein the angles of 
inclination of the first cuts and the second cuts are sub- 
stantially eoual and opposite and depart rroni 90"^ to the 
center line of the v/eb' by. a small magnitude. 



